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DESCRIPTION Fs yga 8 


The Fujitsu MB86604A is a single-ended transmission type SCSI-II Protocol Controller mel 
(SPC) with a single-ended driver/receiver. The MB86604A facilitates interface control » 
between small/medium host computer and peripheral devices (such as a hard disk and 
printer). The specifications conform to the SCSI-II Standard. 
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The MB86604A supports high-speed synchronous transfer, the MPU/DMA independent 
system data bus, and user programmable command set to enable configuration of 
high-performance systems. 


It also supports phase-to—phase sequence conirol function to reduce the program 
overhead of the host MPU. 


The MB86604A incorporates single-ended type SCSI driver/receiver enableing the (48mA) 
device to be directly connected with the SCSI bus. 


100—PIN PLASTIC QFP 
(FPT—100P—M06) 






The device can operate with +5V single—power supply and in up to 40MHz clock frequency, 
is produced in a 100-pin plastic Quad Flat Package. 





This device contains circuitry to protect the inputs against damage 
due to high static voltages or electric fields. However, it is advised 


that normal precautions be taken to avoid application of any 
FEATU RES voltage higher than maximum rated voltages to this high imped- 
ance circuit. 





© SCSI Bus Interface: 
° Conforming to the SCSI-II standard 
° Operatable as Initiator and target 


° Two types of high-speed data transfer: 
— Synchronous data transfer (Max. 10Mbytes/s, max. 32 offsets, 32—step transfer rate) 
— Asynchronous data transfer (Max. 5Mbytes/s) 


° Transfer parameters (transfer mode, transfer rate, transfer offset) can be set for up to 7 connected devices. 


° Single—-ended transmission type (Maximum cable length : 6m) : 
— On-chip single-ended driver/receiver which can drive 48mA of ”L” level output current 
— Directly connectable with the SCSI bus 


° On-chip three-state bidirectional I/O buffers for SCSI pins except RST, BSY, and SEL pins (DB7—DB0, DBP, ATN, MSG, C/D, 1/0 pins 
can be selected from either three-state or open-drain buffer by controlling the TEST pins input.) 





© Transfer Operation: 


° Automatic response to selection/reselection (Preset receiving operation can perform at the selection/reselection.) : 
— Initiator : Automatically operates until message received without command issue. 
— Target : Automatically operates until command received without command issue. 


° Automatic receiving : 
— Initiator : Automatically receives information for new phase to which target transited without command issue. 
— Target : Automatically receives message from initiator when initiator generates attention condition. 


° On-chip 32—byte data register (FIFO) for data phase 
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FEATURES (Continued) 


© Transfer Operation: (continued) 


° On-chip two (send-only and receive—only) 32—byte data buffers for message, command, and status phases 


° On-chip 16-bit transfer block register and 24-bit transfer byte register enabling 1Tbytes transfer (1Tbytes : 16Mbytes x 64k blocks) 
° On-chip independent data transfer bus enabling the MPU operation during the data transfer 


° Parity through/generate can be specified. 


© System Bus Interface: 
° 8-bit or 16-bit separate MPU and DMA bus 


° Directly connectable with a 80 series or 68 series MPU 


° Two types of transfer operation: 
— Program transfer 
— DMA transfer (Burst / Handshake) 


© Command Set: 


° Supports sequential commands and programmable commands in addition to singular commands 
° Command queuing (Command can be continuously issued by putting tags to commands in command phase.) 


° On-chip 256—byte memory for command programming memory and command queuing buffer 


© Others 


° Various effective operation modes to reduce the system overhead : 
— Auto ACK Reset Mode : automatically negates the last ACK signal during Initiator operation. 
— Level—2 Interrupt Disable Mode : does not generate the level—2 interrupts during User program operation. 
— Interrupt Disable Mode for Set/Reset : does not generate the interrupt for Set/Reset Commands 
— REQ Asserted Interrupt Disable Mode : does not generate the REQ Asserted Interrupt during Initiator operation. 
— Command Reject Interrupt Disable Mode : does not generate the Command Rejected Interrupt. 
— INT Signal Hold Mode : keeps to hold the INT signal while SPC holds the interrupt. 
— Command Rejection Mode : Does not accept the command while SPC holds the interrupt. 
— SPC Timeout Set Mode : specifies the SPC timeout after the SPC busy state until INT signal goes active state. 


Figure 1. Pin Assignment 
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Figure 2. Block Diagram 
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PIN DESCRIPTION 


Figure 1 and Table 1 show the pin assignment and pin description of the MB86604A. 
Table 1. Pin Description 


Power Supply 


3,14,28,53,64, +5V power supply pins. 
78 
4,10,15,16,21, Ground pins. 
29,40,54,59, 65 
,66,70,79,90 

Clock 


a a ee Clock signal input pin. 20MHz, 30MHz, or 40MHz can be applied as the input clock frequency. 


Reset & Test 


System reset input pin. The input reset active pulse width must have 4 times of the clock cycle at 
least. This is an active—low pin. 


This pin is used to select the type of I/O buffer on SCSI pins. In case that DBP, DB7—DBO0 pins 
are used as an open-drain I/O, this pin is connected to Vss. In case of three-state I/O, con- 
nect to Vbp. 


This pin is used to select the type of I/O buffer on SCSI pins. In case that MSG, C/D , I/O, and 
ATN pins are used as an open-drain I/O, this pin is connected to Vss. In case of three-state 
I/O, connect to Vpp. 


Transfer request signal in the information transfer phases from target to initiator. The input signal to 
this pin is used for the timing control of data transfer sequence. This is a three-state I/O pin and an 
active low pin. 


This pin is for the acknowledge signal from initiator to target for the REQ signal in the information 
transfer phases. The input signal to this pin is used for the timing control of data transfer sequence. 
This is a three—state I/O pin and an active low pin. 


This pin is for the attention signal that initiator requests target for the message transfer phase. 
This is an active—low pin. 


This pin is for the message signal that specifies type of information transferred on the data bus. This 
is an active—low pin and becomes ”L” when message phase is specified. 


This pin is for the control/data signal that specifies type of information transferred on the data bus. 
This is an active—low pin and becomes ”L” level when command, status, or message phase is speci- 
fied. 


This pin is for the input/output signal that specifies direction of information transferred on the data 
bus. This is an active—low pin. When this pinis ”L” level, the the information is transferred from target 
to initiator. When this pin is ”H” level, the information is transferred from initiator to target. 


This pin is for the SCSI bus busy signal. In the arbitration phase, this is for the request signal for the 
use of bus acquisition. This is an active—low pin. 


This pin is for the select signal used by initiator to select target during the selection phase and by 
target to reselect initiator during the reselection phase. This is an active—low pin. 





: Regarding the status of information transfer which is indicated by MSG, C/D, and I/O pins, See Table 2. 


MB86604A 


Table 1. Pin Description (Continued) 


SCSI Interface 


= This pin is for the reset signal used by any device on the bus. When the device is an input operation, 

RST 67 VO the reset signal is input to this pin. When output operation, the reset signal is output from this pin. 
This is an active—low pin. 

DB7—DBO ea 8, These pins are for the bidirectional 8-bit SCSI data bus and 1-bit odd parity line. 


DBP 


MPU Interface 
This is a chip select 0 pin used by MPU to select the SPC as an I/O device. This is an active—low pin. 


CST This is a chip select 1 pin to select when MPU inputs/outputs the data on DMA bus through SPC. 
This is an active—low pin. 


D15—D8 98,97,96,95,94 These pins are for the upper byte and parity bit of MPU data bus. When the CSO input is valid, these 
93,92,91 pins serve as I/O ports for the SPC internal registers. When the CST input is valid, these pins serve 


o 
N 
j=] 


as I/O ports for the DMA bus data. 


D7-Do 89,88,87,86,85 These pins are for the lower byte and parity bit of the MPU data bus. When the CSO input is valid, 
84,83,82 these pins serve as I/O ports for the SPC internal registers. When the CS1 input is valid, these pins 
serve as I/O ports for the DMA bus data. 


These are address input pins to select the SPC internal registers. 


In the 80-series mode, this is a read signal input pin (LORD or RD) that MPU reads the SPC. This 
read signal pin is an active—low. In the 68—series mode, this pin functions as the control signal input 
(R/W) to control the read/write operation to the SPC. In the read operation, this pinis an active—high. 
In the write operation, this pin is an active—low. 


© 
a 


76,75,74,73,72 


In the 80-series mode, this pin is a write signal input pin (IOWR or WR) that MPU writes to the SPC. 
This write signal input pin is active—low. In the 68—series mode, this pin functions as the lower data 
strobe signal input (LDS) that MPU outputs when the lower byte of data bus is valid. The LDS pin is 
an active—low. 


In the 80—series mode, this pin is used for input of the bus high enable signal (BHE) output from the 
MPU when the upper byte of the data bus is vaild. The BHE pin is an active—low. In the 68-series 
mode, this pin functions as the upper data strobe signal input pin (UDS) output from the MPU when 
the upper byte of the data bus is valid. The UDS pin is also an active—low. 


The INT and INT pins are the interrupt request signal output. The INT pins is used for the 80—-series 
mode (an active—high pin), and the INT signal is used for the 68—series mode (an active—low pin). 


This input pin is used to select the type of the MPU and DMA buses. In the 80—series mode, a high 
level is input. In the 68-series mode, a low level is input. 





aL 





Note : The R/W, LDS, UDS, and INT pins represented in a parenthesis are valid when the MODE pin =”L”. 
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Table 1. Pin Description (Continued) 


DMA Interface 


DREQ 52 This is an output pin of DMA transfer request signal to the DMA controller. The data transfer be- 
tween the SPC and memeory via the DMA bus is requested. This pin is an active—-high. 


This is a DMA acknowledge signal input pin output from the DMA controller that enables the DMA 
transfer. This pin is an active—low. When this pin is an active state, the DMA cycle (read/write) is 


valid. 
re ra : tas These pins are the input/output pins of the upper byte and parity bit of the DMA data bus. When the 
signal input to the CST pin (pin 80) is valid, these pins are connected directly to the MPU data bus. 


DMD7—DMDO = a ae pore These pins are the input/output pins of the lower byte and parity bit of the DMA data bus. When the 


CST (pin 80) input is valid, these pins are connected directly to the MPU data bus. 


DMD15— 
DMD8 
UDMDP 
LDMDP 


In the 80—series mode, this pin (IORD or RD) is used for the input pin to output the data from the SPC 
to the DMA bus. This is an active-low pin. in the 68—series mode, this pin functions as a control 
signal input pin (DMR/W) to input/output the data to the SPC by the DMA controller. In the output 
operation, this pin is on the high-state (active—high state). In the input operation, this pin is on the 
low-state (active—low state). 


pins are an active—low. 


In the 80-series mode, this pin is for the DMA bus high enable signal input pin (DMBHE) output from 
the DMA controller when the upper byte of the DMA data bus is valid. This is an active—low pin. In 
the 68-series mode, this pin functions as the DMA upper data strobe signal input pin (DMUDS) out- 
put from the DMA controller when the upper byte of data bus is valid. The DMUDS pin is also an 
activelow. 


In the 80-series mode, this pin is used for the DMA address 0 input pin output from the DMA control- 
ler. In the 68—-series mode, a high level should be input to this pin. 


This is aDMA transfer permission signal input pin. When this pin is in active—state, the SPC does the 
DMA transfer. In case that this pin becomes inactive during the DMA transfer, the DMA transfer is 
paused on the block boundry. This pin is an active high. 


In the 80—-series mode, this (IOWR or WR) is used for the input pin to input the the DMA bus data to 
the SPC. In the 68—series mode, this pin functions as a DMA lower data strobe input (DMLDS) that 
DMA controller outputs when the lower byte of the DMA bus data is valid. Both IOWR and DMLDS 


This is a SCSI Timeout pin that indicates the SPC has been busy longer than the specified 
time. A high level is output on this pin if the SPC busy time exceeds the specified time. 


These are open pins. Those pins are not connected with the device internally. Those pins 
must be left open. 


Note : The DMR/W, DMLDS, and DMUDS pins represented in a parenthesis are valid when the MODE pin ="L’. 
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BLOCK DESCRIPTION 


1. INTERNAL PROCESSOR (Sequencer) 


Performs sequence control between the various bus phases. 











Information transfer 
phase 





Bus free phase 


i 


Information transfer phase : 
© Command phase 
© Data phase 





© Status phase 





Arbitration phase Selection phase 


® Message phase 


2. TIMER 


Manages the SCSI time standards. 


Also, conducts the following time management. 


© Time until the REQ or ACK signal is asserted for asynchronous transfer data 
® Time until selection or reselection is retried 


e REQ and ACK timeout time during transfers: 
Asynchronous transfer case 


Target: After the REQ is asserted, the time until the initiator asserts the ACK 
Initiator: After the ACK is asserted, the time until the target negates the REQ 


Synchronous transfer case 
Target: After the REQ is sent, the time until an ACK signal which makes the offset 0 is received from the initiator 
© SPC Timeout 


Manages the SPC timeout indicating the SPC busy time longer than the specified time. 


3. PHASE CONTROLLER 


Controls the various phases executed by SCSI such as arbitration, selection/reselection, data in/out, command, status, and message in/out. 


4. TRANSFER CONTROLLER 


Controls the information (data, command, status, message) transfer phases executed by SCSI. 


The following two types of transfer phases are used. 


Asynchronous transfer: Controls interlock (response confirmation format) between the REQ and ACK signals. 
Synchronous transfer: Controls a maximum 32-byte offset value for the data in or data out phases. 


The following two modes exist for the data phase. 


Program transfer: Uses data register (address 00/01) via the MPU interface. 
DMA transfer: Uses DREQ and DACK signals via the DMA interface. 


The transfer parameter setting values for synchronous transfers (Transfer Mode, transfer speed, transfer offset) can be stored by individual ID number 
and are automatically established when the data phase is initiated. 
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The number of transfer bytes is defined as block length X number of blocks. 


5. REGISTER 


The main registers are listed. 


© Command register 

Command is specified by an 8-bit code. 

Specifies the program head address assigned to the user program memory for user program applications. 
® Chip status register 

Shows the chip’s operating state, nexus counterpart ID, and data register state. 
© SCSI bus status register 

Shows the SCSI controller signal state. 
@ Interrupt status register 

Shows 8-bit code. 
© Command step register 

Shows an 8-bit step code indicating the command execution state. 

Error analysis can be performed by referring to the information in this register and the interrupt status register. 
© Group 6/7 command length setting register 

Sets the group 6/7 command length which is undefined by the SCSI standard. 

By setting the command length in this register, the SPC can determine the command length. 


6. RECEIVE-MCS BUFFER 


A receive only, 32-byte data buffer which stores data received via SCSI (message, command, status) 


M: Message C: Command S: Status 


7. SEND-MCS BUFFER 


A send only, 32-byte data buffer which stores data sent via SCSI (message, command, status). 


8. COMMAND USER PROGRAM MEMORY 


Program memory used for establishing programmable commands (256 bytes). 


9. DATA REGISTER 


FIFO-type data register which stores data from SCSI executed data phases (32 bytes). 


Table 2. Phase Status 


Status of Signal Direction of Transfer 
Phase Name 
1 Target 


DATA-—OUT Phase H 
DATA-IN Phase 


MESSAGE-IN Phase 
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ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS (See Note.) 


Supply Voltage Vpb 


Output Voltage Vss—0.5 

Operating Ambient 95 

Temperature 

= ae, pe fw |p me fe 


Note : Permanent device damage may occur if the above ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted 
to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 





RECOMMENDED OPERATING CONDITIONS 


Parameter Symbol Conditions 
ee eal 


”H” Level All pins except 


Input Voltage SCSI and CLK pins ee 


SCSI pins 2.0 
CLK 


*L” Level VIL All pins except 
Input Voltage SCSI and CLK pins 
SCSI pins 


Operating 
Ambient 
Temperature 
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DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 


See Note 1 below. 


”H” Level All pins except 
Input Voltage SCSI and CLK pins 


0 


See Note 1 below. 


*L” Level All pins except 
Input Voltage SCSI and CLK pins 


SCSI pins 
Input Hysteresis 
of SCSI pins SCSI pins See Note 1 below. 


Il pins except loH=—2.0MA 


“H” Level sce pins 
Vol 
Output Voltage loH=—8.0MA 


loL=+3.2mA, See Note 1 below. 


*L” Level 
Output Voltage . loL=+48mA 


loL=+48mA, See Note 1 below. 


‘ Vl=0 to Vpp [V], See Note 2 below. 
All pins except 
SCSI pins 
Leakage Current 
Vl=0 to Vpp [V], See note 2 below. 
SCSI pins 





Note 1: SCSI pins are DB7—DBo, DBP, BSY, SEL, RST, ATN, REQ, ACK, MSG, C/D, I/O pins. 


Note 2 : Leakage current in the above spec indicates the following currents: 
(1) Input current on the input pins. 
(2) Leakage current at the high—Z state on the three—state output pins. 
(3) Leakage current at the output high—Z state (input state) on the bidirectional bus pins. 
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AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


System Clock 


Value 
Parameter Symbol 


Note In case that the internal clock frequency and the input clock frequency are the same (i.e. when using the divided—by—one mode), the 
clock pulse width (for ’H” and ”L”) must have at least 20 [ns] or longer. For example, when input clock frequency=20MHz and ee 
conversion register value is OBh”. 





Figure 3. Clock Timing 


twCKH ——» << tCLK ——_________»> 





System Reset 


Parameter Symbol [win] 


Figure 4. System Reset Timing 


twRSL ——» 
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MPU Interface (80 series) 


e Register write timing 


Parameter Symbol 
Address (A4 - AO) Wwe 
Address (A4 - AO) SS 
CSO hold time thcso 


Data hold time 


Figure 6. Register Write Timing 


A4 to AO 


BHE 


D15 to D8, UDP 


D7 to DO, LDP 
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e Register read timing 


Parameter 


Address (A4 - AO) 
BHE set up time 


Address (A4 - AO) 
Hold time 


CSO set up time 


a 


Figure 7. Register Read Timing 


For INT Non—hold Mode 
For INT Hold Mode 


A4 to AO 


BHE 


D15 to D8, UDP 
Valid data 
D7 to DO, LDP 


Notes : tbL2 is determined by a rising edge of the strobe signal which reads the stepcode for the last interrupt factor. Also, ’n” indicates the 
division ratio. 
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e Register write timing (for external access) 


Parameter Symbol 
[iene 
Address (A4 - AO) Wwe 
Address (A4 - AO) Wwe 


Figure 8. Register Write Timing (for External Access) 


D15 to D8, UDP 


D7 to DO, LDP 


DMD15 to DMD8, UDMDP 


DMD7 to DMDO, LDMDP 
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e Register read timing (for external access) 


Parameter 


Address (A4 - AO) 
BHE set up time 


Address (A4 - AO) 
BHE hold time 


Pesieneme Pmt mm | fw] 
Pesmdie fm | we ff | 
PO 
[wrisiateoiaceeine eM fm |e f= |] 
[ cine ur caamwowavnme | = pet — | f~] 


Figure 9. Register Read Timing (for External Access) 


DMD15 to DMD8, UDMDP 


DMD7 to DMDO, LDMDP 


D15 to D8, UDP 


Confirmed Data 
D7 to DO, LDP 
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MPU Interface (68 series) 


e Register write timing 


Parameter 


Address (A4 to AO) 
Set up time 


Address (A4 to AO) 
Hold time 


CSO hold time 


[wostnsteinmenam [| we | 


Data hold time 


A4 to AO 


UDS/LDS 


D15 to D8, UDP 


D7 to DO, LDP 


Figure 10. Register Write Timing 
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e Register read timing 
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Parameter 
Address (A4 - AO) 
Set up time 


Address (A4 - AO) 
Hold time 


CSO set up time 

CSO hold time 

RW set up time 

R/W hold time 

UDS/LDS L level pulse width Sy 
Data output confirmation time Peet 
Data output disable time 

TNT signal clear time (2 


Figure 11. Register Read Timing 


A4 to AO 


UDS/LDS 


D15 to D8, UDP Valid Data 
D7 to DO, LDP 


INT 


Notes : tbL2 is determined by a rising edge of the strobe signal which reads the stepcode for the last interrupt factor. Also, ’n” indicates the 
division ratio. 
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e Register write timing (for external access) 


Parameter 
Address (AO) 
Set up time 


Address (AO) 
Hold time 


a 
[rvs Omaenwonacnyone| = | oe 


Figure 12. Register Write Timing (for External Access) 


UDS/LDS 


tDSDMD 


D15 to D8, UDP 


D7 to DO, LDP 


DMD15 to DMD8, UDMDP 
Wy e 
Vy alid Data 
DMD7 to DMDO, LDMDP Z 4 
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e Register read timing (for external access) 


Parameter Symbol 
Base signal 


Address (AO) 
Address (AQ) 


a a 
aienmine | meee [ww | | - fe) 
Tawra | mse Tew fm | - fe | 
a 
a 
[once urvanmomnmee] — [em] — | @ [=] | 
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Figure 13. Register Read Timing (for External Access) 


tsuCSi 


UDS/LDS 


DMD15 to DMD8, UDMDP 


DMD7 to DMDO, LDMDP 


D15 to D8, UDP 
Valid Data 
D7 to DO, LDP 
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DMA Interface 
The DMA access timing described in this section is not applicable in the following cases. 


© During SCSI input, when the data buffer is EMPTY or when one byte is stored 
© During SCSI output, when the data buffer is FULL or when 31 bytes are stored 
@ When a parity error is detected (target) 

When an error which interrupts the transfer occurs at the SCSI interface 


[80 Series Handshake Mode] 
e Write timing 


Parameter 
Base signal 


P= ts | 
OS 
[owere owmorasins [Towne [me fm | [of 
a 
a a 
DACK H negate time — 
ee 
fete nes Nh geri eae ae ss bees 
Bi ee ee ee 


Figure 14. Register write timing 


tWRAK1 
tAKWR 
tWRAK2 


tsuDMD 


DMD15 to DMDO 
(=) 
UDMDP, LDMDP 
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e Read timing 


Parameter 


[eacitewerine ——foreon [ meme fo | — [= 
Oc 
Oe 
[oroHeeninereon fence [meme | fom] we | 
[Toroenetine fmf we TP fm | 
[omere ouiceewiee if ome [wm Tm | — f= | 
[owes ounaraaire fore fom fm | — f=] 
wrcecipmemm fm | we | ft | 


IORD L 1 tCLK 
DACK H negate time 


ee 
ee 
[ cacamacomminme [emt fee | — | ate || 
a 
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Figure 15. Register Read Timing 


tRQAK tAKRQ 


tRDAK1 
tAKRD 
tRDAK2 


DMD15 to DMDO 
Valid data 
UDMDP, LDMDP 
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[68 Series Handshake Mode] 


e Write timing 


Parameter Symbol 


Base signal 


DACK L assert time DREQ H tRQAK 


DREQ L negate time 
DREQ H assert time (8 bit) 
ime ( 


—} 
n 


} 
n 


} 
n 


tAKRQ 


DS 
n 


TtRQAK1 


tRQAK2 2 tCLK +40 ns 


DREQ H assert time (16 bit) 
DMUDS/DMLDS L assert time tAKDS 
DM R/W set up time DMUDS/DMLDS L tsuRW 


DM R/W hold time DMUDS/DMLDS H thRW 


DMUDS/DMLDS L level pulse width 


Oy] Ol] Diy G 
Sil Si] > 

Bll oO] S| 3 
AL ALATA 
rl] oy cyr 


=} 
n 


} 
n 


twDSL 


(ee) s ye) ho 
a £ 
oO oO 

DS 

no 


=} 
n 


a DMUDS/DMLDS L tDSAK1 
DACK H negate time 
DMUDS/DMLDS H tDSAK2 


Input data set up time DMUDS/DMLDS H tsuDMD 
Input data hold time DMUDS/DMLDS H thDMD 


} 
n 


} 
n 


DS 
n 


Figure 16. Register Write Timing 


tDSAK1 
tAKDS 
tDSAK2 


DMUDS/DMLDS 


DMD15 to DMDO 
UDMDP, LDMDP 
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e Read timing 


Parameter 


[aacitewerine formant wom fe | = pep 
Oc 
[orconaenineenn [eam wre | | mf fo 
[orcoHeserinereon [mace vores [ [amu ef 
[ompsonnstaenine [onset wes fe | —- | | 
[ourivesonive =| omuosomst [wee [| ff 
[ourivicaine ——__—_— omupsemiose [ww [eo] ff 
ommsouastnanmewa [fe fo | pf 


= RESORT pax = 
DACK H negate time 
DMUDS/DMLDS H 


Ce 
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Figure 17. Register Read Timing 


tRQAK tAKRQ 
tDSAK1 
tAKDS 
tDSAK2 


DMUDS/DMLDS 


DMD15 to DMDO 
Valid data 
UDMDP, LDMDP 





[Burst Mode (80 series/68 series common)] 


e Data register access cycle time (8 bit) 


Figure 18. Data Register Access Cycle Time (8 bit) 


tpcy4 


IOWR/IORD 
DMUDS/DMLDS 


e Data register access cycle time (16 bit) 


Data register access cycle time 1 
Data register access cycle time 2 


Figure 19. Data Register Access Cycle Time (16 bit) 


IOWR/IORD 
DMUDS/DMLDS 


MB86604A 
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[80 Series Burst Mode] 


e Write timing 


Parameter 


Base signal 


DACK L assert time DREQH 


DREQ L negate time IOWRL 


nee: | 
| DREGI->DREGHrewmime | | mom ToT Tre | 
[| TowRLanenime | aK | wen | oo | = fl | 
| OMBHE, DMAOsetuptime | own | toe | oo | OT re | 
| OMBHE,OMAohoitime | FOWRH | two | eo | fl | 
| TOWRLieveipusewitn | | te Two tr | 
| DACKHnegatetime | OWRH | otwrwm | oo | tl | 
| Inputdatasetuptime | OWA | teow | co | te | 
| Imoutdatahoitime | wR | tow | os | ~ te | 


Figure 20. Register Write Timing 


DMD15 to DMDO 
UDMDP, LDMDP 
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e Read timing 


Parameter Symbol 
| Base signal | | Base signal | 


EC 
[oreatremieime «| emer we | — [| = fm | 
[oreo —ronconmamine [pe |» [| — [=| 
Tord tasotine i? meme wm fo | pm | 
Oe 
[ona ownorctine | oro fm | a | — |= | 
Toro Liecinewaih [ip om | ef pm | 
[oroktineietne Pf wm | | Pm | 
[onanincmtmainine emer foe | — | ep | 
[oraaiputaine iY orf me | me | — pep 


Figure 21. Register Read Timing 


DMD15 to DMDO 
Valid data 
UDMDP, LDMDP 
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[68 Series Burst Mode] 


e Write timing 


Parameter Symbol 
Base signal 


DACK L assert time 


DREQ L > DREQ H return time 


en ee ee ee 
DMUDSIOMLDS Lasser tne ce ee a i 
OM FAW set up time SPS ODE Os ere he Se) 
OM RW hold time Re ee ee 
DMUDSIOWLDS Levelpusewisth || woe || 
DAGK H negate time MU SeM SHC Pe | 20 Sead 
input data set up ime Puma easy dee Ite eee nat) teed Da) 
Input data hold tne ec AL | 


Figure 22. Register Write Timing 


DMUDS/DMLDS 


DMD15 to DMDO 
UDMDP, LDMDP 





28 


MB86604A 


Parameter Symbol 
| Basesignal | | Basesignal | 


eee ee eet 
[oreatremieime | omvosomosr | woe | — | = [= | 
[orearoneanmmime [| — [em |e | — [=| 
[ow osGMtDstasorine | oem | wee fo | — [= | 
Towniiespine ———_——~| Smuosuanst [mm | = | — [= | 
[ownivnoaine | omosomnsn [ww [2 | — [= | 
[owoscmosticanaewam [ — | we |» | — [=| 
[srokHnesetne =| mosommsn [em |e | — [= | 
[onanipuconmaionine | omvosomaos | wom | — | # [= | 
[craainutaine | ommosommnsn | rom of — [= | 


e Read timing 


Figure 23. Register Read Timing 


DMUDS/DMLDS 


DMD15 to DMDO 
Va;id data 
UDMDP, LDMDP 
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SCSI Interface (as Initiator) 
[Asynchronous transfer Mode] 


e Input timing (target — initiator) 


Parameter Symbol 


Base signal 


*1 The REQ H > ACK L time (tRQAK2) is compared with ((RQAKH + tAKRQL + tRQAK1) and the longer value is chosen. 





Note: The input timing definition is not applied in the following cases. 
* When the data register is FULL in the data phase 
* When the final byte is being transferred 


Figure 24. Input Timing 


tRQAK2 


tRQAKH TAKRQL TRQAK1 
=a Sd 


DB7 to DBO ) 
aS Data 
DBP 
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© Output timing (initiator — target) 


Parameter Symbol 


Base signal 


Time from output data confirmation to 
ACK L assert* 


* S value is based on the asynchronous set up time setting register Note: The output timing definitions are not applied when the data 


(address 17h). register is EMPTY in the data phase. 


Figure 25. Output Timing 


tRQAK2* 


tRQAKH TAKRQL TRQAK1 
tAKRQH 


a: 


DB7 to DBO 
Valid data Valid data 


DBP 


* The REQ H > ACK L time (tRQAK2) is defined by either longer of ((RQAKH + tAKRQL + tRQAK1) or 
(thDB + tDBAK) (see the output timing waveform). 








31 


MB86604A 


[Synchronous transfer Mode] 


e REQ/ACK signal period 


ACK assert time*1 A:tCLK-12 
ACK negate time*1 N-tCLK+2 





*1 A and N values are based on the transfer period register (address 
ODh) setting. 


Figure 26. REQ/ACK Signal Period 


tAKAP tAKNP 


| 
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e Input timing (target — initiator) 


Parameter Symbol 
[aT 


Figure 27. Input Timing 


REQ 


DB7 to DBO 
DBP 





© Output timing (initiator — target) 


Parameter Symbol 
| Mins 
Time from output data confirmation to 


Output data hold time*2 ACKL thDB A-tCLK-12 
( 


*2 A and N values are based on the transfer period register (address 
ODh) setting. 






Figure 28. Output Timing 


DB7 to DBO ) Uff ff) 


DBP ‘ — ee NK LLL LLL LLL, 
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SCSI Interface (as target) 
[Asynchronous transfer Mode] 


e Input timing (initiator — target) 


Parameter Symbol 


*1 The ACK L — REQ L time (tAKRQ2) is compared with (t(AKRQH + Note: The input timing definition is not applied in the following cases. 
tRQAKH + tAKRQ1) and the longer value is chosen. “When the data register is FULL in the data phase 





Figure 29. Input timing 


tAKRQ2 


TRQAKL tAKRQH tRQAKH tAKRQH1 


DB7 to DBO 


DBP 
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© Output timing (target — initiator) 


Parameter Symbol 


Base signal 


Time from output data confirmation to 
REQ L assert6 


*2 S value is based on the asynchronous set up time setting register Note: The output timing definitions are not applied when the data 


(address 17h). register is EMPTY in the data phase. 


Figure 30. Output Timing 


taKRQe2 * 


DB7 to DBO 
Valid data 
DBP 


* The ACK L— REQ L time (tAKRQ42) is defined by either longer of (t(AKRQH + tRQAKH + tAKRQ1) or 
(thDBC + tDBRQ). 








ACK H negate time ee ee ee 
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[Synchronous transfer Mode] 


e REQ/ACK signal period 


Parameter Symbol 


REQ assert time A-tCLK-12 
REQ negate time N-tCLK+2 
ACK assert time 

ACK negate time 

ACK input cycle time 1 1 tCLK 


ACK input cycle time 2 3 tCLK ites 


*2 A and N values are based on the transfer period register (address 
ODh) setting. See (8) for more on setting values. 





Figure 31. REQ/ACK Signal Period 


tRQAP tRONP 


———\ 
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e Input timing (target — initiator) 


Parameter Symbol 
[i [we 


Figure 32. Input timing 


DB7 to DBO 
DBP 





© Output timing (initiator — target) 


Parameter Symbol 
| Min. 
Time from output data confirmation to 


Output data hold time*2 REQL A-tCLK—19 


*2 A and N values are based on the transfer period register (address 
ODh) setting. 





Figure 33. Output Timing 


DB7 to DBO 


DBP 
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(8) A/N/S Values in SCSI Interface Timing 


e Transfer period register (address 07h) and A/N values 


| Transfer period register period register sete ¢* | 6 he SSS | Transfer period register period register pat ow | 


ee Se ee I sete | ea PE es Pe Sh a 


| + 
EEE 
i 
ae 
ee 


E 
; 
| 


a 
ae 


ia oe eae] 
ess ti A OT ee | | 
eee eee ab 
ane ae alba 


laf 
EE 
EE 
a a 
ho — 
a 

a 


= 
=| 
; 
- 


=| 
; 
A 
=i 
Po 
4 
Po 


2 
Cie eee s 
a 

4 

5 


a 
=| 

etn | jks) ee 

Bl] wo] wo 

af af a 

oO}; wy] Pp 


CEE 
toe 
-| =| - 


=| 
=| E 
=| =| 
| 
=| 


a 
- 
eat 
rs 
ary 
ms 


peepee pe 
fee apes Sere eee ar ee ee eee = ee ae 
erie a) Sie leaa) cde GA mele sen eee Hees tae eal dee eee deere | 
i ee ee ee ee 


The A and N values set in the register represent the assert period and the negate period respectively (unit is clock cycles). 





For AC characteristics, A/N use numerals. 


e Asynchronous set up time setting register (address 17h) setting values and S value 


Asynchronous set up time setting register Asynchronous set up time setting register 





The S (set up time) value established in the set up time setting register during asynchronous data transfers indicates the time from setting datain the 


data bus until the REG/ACK signals are asserted. 
For AC characteristics, S uses numerals. 
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LIST OF REGISTERS 


1. Basic Control Registers (for write) 


Address Bit assignment 


Pe Tas [ea [| [ear [ove [oe [oi [ re [we [oi [ oo 
Ta Te Tee Te Je | cimncanone rn [oor oor [bos [oor [oor [bos [oor [oon 
Ti Tee [o Te [7 [enstcseoser na [ore] 201 | ore oor bon [ore] 8 [008 
Se oe ne eee Tea ee 

ec 
Tee Teo wera ae ooo Poe or oe 
OE 
Te Te ToL [Je | eanienressorese [aus ave [ore [aue] an [ovo] a [a 
TTT Fr | rorseseerese Por [as [os [ou [ao [oa [ou [a 
CN dd ed 
PEP ee rede reo re 


Data byte register (LSB) 
BY7 | BY6 | BY5 | BY4 | BY3 | BY2 | BY1 BYO 
MC | MC byteregister | register 
Ser om Bawrodentoreneer [bar [wae [pas | o [oee [bas | oor | oan) 
ee fl eae — ol gh POe| |  a 
sit lex |e fo) soko ee ete eee ete se ea ere 
A a 
i Ser i aoe 
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2. Basic Control Registers (for read) 


Address Bit assignment 


Pe [ao Te [a Toe air [ve [oie [ie [we [ie [an [ie 
CN 
Te [Lee [5 Precnonecesena [ors [ove [ons [ore] om [oro | ow [ om 
Pe Te [ofa] [o faronsveeie [ser [ sso [aes [ose] x [ose [ser [oa 
EN 

Pe Te [sf fe [resis [7 [ico [we [oe [ows [me [mr [ 
Pe Pe Le Le [of |e ose ee [es [or [or 
OC 
TT [7 Prnteosertse [or [as [os [a [as [oa [au [a 
TT [Te] |e [eaters [eve [avs [a [ev are [ove [ev [ave 
ae eae eee 


pe tel [el | fears ——— Tov vn 
fe ed ded 
PLOT [Ye [remem for [x [x [| 
PPTL [a freer Taf [re [are [ae | | 
eT |e frerserrreaser  T [ 108 [ce [ro | oo] 
eLearn Ye | 


Note: xX indicates data undefined (0 or 1). 
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3. Initial Setting Window (for write/read) 


, 
repay] Mere ae eee eee Pee [ee a | 
PN 
aT fo fe fet [enwsme fo fo Pe [oo [oe fon | on | 
eT Tees Le [revoemom sais [ar [we [rs [ae [0 [0 [a [| 
RE 
TTT Te | eiateseerer seis | ser [ss [sas [ne [ sa [sre [om | so] 
ce RR 
BN 
TT TO TTL [rnenncneinessine [oo fe |e [me [ma [an | a0 | 
eT Tee [e [rewrereraennseire [rer [res [res | re [reo [0 [ret | ro] 
Pee e( [renermamens er fe fete fe fe fe |e 
ATO? [eewereomnrmanseme [or [ow [os [ou [oo [oz [ou | 3] 
A 
TTT |e [= [Rost spetonnaseaine [Ow [om [ons [ [om [one [om | Om] 
CTT 2 (7 [re rsonseing [07 [To [Tos | Tos | To [Toe | Tor | oo] 
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4. Mcs Buffer Window 


Pecpepepepepe me 
ate ee) eee BT |e | 


A 
A 
ca 
Oc 
SC 
a 
ON 
Te [so ncste reeves 
ee fe fe [serosa revere 
OC 
OO 
OO 
TT [2 | seroste [ceva 
Te [sero cte ceva 


pore Aa) PSE Secon RECEIVE MOS buffer 
SEND MCS buffer RECEIVE MCS buffer 
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5. User Program Memory Window 


| Address 
nia a ela eas 


Loe let | Oe eos] Seen seer 
[eae S| Oe eae eerie — | = eeperereney 
Lae ee ee ee Ueevarnerey— = eer 
ee a i ee eee eee 
Lee Te eee ei] Ueteariery ee aeetrinerey 
on EE ee eee eee ee ae 
eae ee eee = eee eee 
eee ae ee ee 
[eae pes ee elie ene ee 
ee ee ee ee ee 
[eee ee — eee 
ET ei eee 
Re a eee ee 
eed Se Se ae ere ee 
eee eee ine eee pee 
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LIST OF COMMANDS 


SPC commands can be specified by the command register or the user program memory and are divided into the following main groups. 


® Sequential commands 
Commands which perform a consecutive (including phase transition) sequence operation. Can only be specified by the command register (1 byte). 


® Discrete commands 


Commands which perform operations from disassembled sequential commands. Can be specified by the command register (1 byte command) or the 
user program memory (1/2 byte command). 


© Special commands 
Can only be specified by the user program memory (1/2 byte command). 


1. Initiator Commands 


(1) Sequential commands 


[Re[___commanacote_____|__opeanavorpowam) [| __eonmanevame 
PpempeTe Teo [ee[eyo] einen ifaw 
efor fefefefefefefals| cin __[eeeaarascacw 
fom Tefefefofefe[s [eo] carat [Seeaanminnsonoe 


Pepe fete Pope feo fe [s [mati Params 
ES 
EO 
A 
EO 
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(2) Discrete commands 


a 
FE 
CO 
FO 
A 
FS 
AC 
I 
CN 
pepe Popo pete pe pepo f= [reese 
I 
A 
ES 
er pepe eT fof rere ring 
ES A 
ER 
ES 
ES 
EN 
ES 
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2. Target Commands 


(1) Sequential commands 


[Re] ommanavose | Spvanderpravand_[ ___Connandnane | 
T= PPT Tp Tel pe] rameny —[rmarase = 
ere Pt [ep [ele [ramen [remcaneeame | 
ere Pt [eff [o[ tien [Rec ascatemaie | 
Tae Pe [fe fof [tries [Rees scatman | 
FE 
eae Pe [fe f(s fe [teen cere 


ed 
Pepe tefet Pepe tts T | vetvasve [ seanereore 
ete tefet Tels [e [eo] vetvane | reenarecw 
A 
pela Tete [e [To] retraster | reeks norenscaToria 
Pelee Tees [e[s T[vetpester | remec a norensca un Toma 
FE 
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(2) Discrete commands 


[No| ___Gommondcode | neroncitor program) | Commandneme 
Dn ee 
Fa a 

Bc 
Ei a a 
Ee ee ee 
PES a 


Ed 
ete fete fet y= [rnenaoou 
ES 
EN 
ES 
ES 
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3. Common Commands 


[Ro] ____tonnandsose___[ Sean ternewan) | __Conmndvone 
PTT Tote [ep fe [oe | verbo [Sortwaneneser 
Tenet [efofefo [els [cers [Tranerenreser 
Te tet[efofefo[s fe, ceeste ——_[soaneser 
A 


EN 
EN 
Se 
Pepe fet Pope ef [e[s[tetemsiy Teoma mse 
EN 
A 


4. Programmable Commands 





The user program is stored in the user program memory and begins operation when the user program head address is written in the command 
register. 


Programmable commands are either discrete or special commands and have a command length of one (1) or two (2) bytes. 


¢ Command Field Assign 


fed Command code (1st byte) Operand (2nd byte) 
Message, command, or status phase send command Memory address of data to be sent 
; Message, command, or status phase receive command Memory address of received data being stored 
Discrete commands 


Data phase receive/send command or do not perform 
transfer command 


AND command Data for AND operation or memory address of data for 
AND operation 


TEST AND command Data for AND operation or memory address of data for 
AND operation 


COMPARE command Data for COMPARE operation or memory address of 
data for COMPARE operation 


Special commands 


[eres 
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SYSTEM CONFIGURATION EXAMPLE 


1. 80 Series, Separate Bus Type 


MB86604A 
Oscillation circuit 


Address 
decorder 


Data bus 


DMD15 to 0 
UDMDP 
LDMDP 


controller Address 


MB86604A 


RESET circuit 


DATA 
buffer memory 
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2. 80 Series, Shared Bus Type 


MB86604A 
Oscillation circuit RESET circuit 


Address 


decorder 


A4 to AO Address bus 


ar 


DMD15 to 0 
UDMDP 
LDMDP 


controller 


at 


oe 
Leas 
s 
a 
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3. 68 Series, Separate Bus Type 


MB86604A 
Oscillation circuit RESET circuit 


CLK 
RESET 


DB7 to 0 


DBP MODE 


INT 


AO 


cso 
Address 


decorder 
csi 


A4 to Al 


SCSI bus D15 to DO 


UDP Data bus 
LDP 


RW 
UDS 
LDS 


DMD15 to 0 
UDMDP 
LDMDP 


DATA 


controller Address buffer memory 
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4. 68 Series, Shared Bus Type 


MB86604A 
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Oscillation circuit RESET circuit 


Address 


decorder 4 
Address bus 


Tro TT 
Hy 


tl 


DMA 
controller 





PACKAGE DIMENSIONS 


MB88604A—PF 


MB86604A 


100-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-100P-M06) 


.941 + .016(23.90 + 0.40) ___» 
.787 + .008(20.00 + 0.20) 


CTT ERR 
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.0256(0.65) I 012+.004 — 
TYP (0.30£0.10) 


























004 (0.10) 
.742(18.85) REF 
878 + .016(22.30 + 0.40) 
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.132(3.35) MAX 
(MOUNTING HEIGHT) 


___.002(0.05) MIN. __ 
(STAND OFF HEIGHT) 


oa 


642 + .016 
705 + .016 (16.30 + 0.40) 
(17.90 + 0.40) 




















551 + .008 -486(12.35) 
(14.00 + 0.20) 


REF 








{30 ) 
| .005 (0.13) (M) 


Details of “A” part 
y .010(0.25) 











.012(0.30) 
.007(0.18) 


ri waxy iY 0° to 10° 


MAX ST 
021 (0.53) A .031 + .008 


iia (0.80 + 0.20) 











Dimensions in 
inches (millimeters) 
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reproduced in any form or by any means, or transferred to any third party without prior written 
consent of Fujitsu. 


53 


MB86604A 





Worldwide Headquarters 





Japan 


Fujitsu Limited, Corporate 


Global Business Support Division, Electronic Devices 


Tel: ++81 44 754 3753 
Fax: ++81 44 754 3332 


http://www. fujitsu.co.jp/ 


U.S.A 


Tel: ++1 408 922 9000 
Fax: ++1 408 922 9179 


Tel: ++1 800 866 8608 
Fax: ++1 408 922 9179 


KAWASAKI PLANT, 
4-1-1, Kamikodanaka 
Nakahara—ku, Kawasaki 
Kanagawa 211-88 
Japan 


Fujitsu Microelectronics Inc. 
3545 North First Street 

San José CA 95134-1804 
USA 


Customer Response Center 


Mon-Fri: 7am—5pm (PST) 


http://www. fujitsumicro.com/ 


FJ ID# JV0031-944J1 


Copyright © 1996 FUJITSU LIMITED 


54 


Asia Fujitsu Microelectronics Asia 
PTE Limited 


No. 51 Bras Basah Road 
Plaza by the Park 
#06—04/07 

Singapore 0718 


Tel: ++65-336 1600 
Fax: ++65-336 1609 


http://www.fsl.com.sg/ 


Europe 


Tel: +49 (0) 6103 6900 
Fax:+49 (0) 6103 6901 


Fujitsu Mikroelektronik GmbH 
Am Siebenstein 6-10 
D-63303 Dreieich—Buchschlag 
Germany 

http://www. fujitsu.ede.com/ 


SCSI-DS-—20487-3/97 


